groundwater flow and waste package degradation rates and, ultimately, waste leaching rates.
57
This roletermed as "sealing" (Komine, 2004 ; Komine and Ogata, 2003 ) is essential to 58 ensurethe overall safety of the geological disposal: the disposed waste is isolated from 59 thebiosphere over long time. For this purpose, the swelling property becomes a key factorin 60 the design and fabrication of the sealing/backfill materials, and needs to be studiedin depth.
61
The swelling properties (i.e. swelling pressure or swelling potential) ofbentonite-based 62 materials have been widely investigated (Pusch, 1982; Komine andOgata, 1994 , 2003 
MATERIALS AND METHODS

91
Materials
92
The bentonite used in this study is a commercial MX80 Na-bentonite, which containslarge 93 quantities of montmorillonite (75-90%). Silt is the dominant remaining fraction,which mainly
94
consists of quartz and feldspars as well as micas, sulphides, and oxides (Pusch 1982) . Table 1 95 details the main mineralogical components of MX80 bentoniteobtained by several authors.
96
The total cation exchange capacity (CEC) is between0.78 and 0.85 meq/g ( The constant-volume cell used in this study is presented in 
135
Four swelling pressure tests were performed using the constant-volume cell ( water. This indicates that the wettingprocedure did not affect the shortterm swelling 161 behaviour for this material.
162
In Fig.5 , all results from the three tests LT01, LT02 and LT03 during 700 days arepresented.
163
It appears that over this long period, the swelling pressure decreased somewhat for allsamples,
164
especially for the sample saturated with synthetic water (LT01 respectively.
168
The pore size distribution curve for all the samples taken at the end of the tests arepresented 169 in Fig. 6 . It is observed in Fig. 6a in the case of synthetic water (LT01).
177
The incremental pore volume dem/dlog(d) (Fig. 6b) refers to the volume of mercurythat and LT03 which were hydratedwith distilled water, very similar curves were observed 185 suggesting no effect of thewetting procedure on the pore-size distributions. As far as changes 186 in pores size are concerned,it can be observed that over time the group of micro-pores had a 187 size slightlydecreased. On the contrary, the group of macro-pores had a size slightlyincreased.
188
Changes for test LT01 weremore marked.
189
INTERPRETATION AND DISCUSSION
190
Various studies showed that the swelling capacity of bentonite is lower in saline water;the high density. It can bededuced that for the studied bentonite/claystone mixture, the high 211 density (1.70Mg/m 3 ) and the low salinity of the synthetic water (see Table 3 involves the adsorption of a maximum number of hydratesdepending on the nature of cations.
219
After three to four water monolayers, i.e. atinterlayer separation distances ≥1 nm, the surface 
239
One of the most common cation exchange reactions in the Na-bentonite is the oneinvolving site water (see Table 3 ) enabledpart of Na-montmorillonite to change to Ca-montmorillonite 256 which has a much lowerexpansibility. This process resulted in a decrease of swelling pressure 257 overtime asshown in Fig.5 .
258
The transformation from sodium to calcium montmorillonite is critically dependent onthe were observed for tests L02 and L03 (Fig.6 ),which enhanced this conclusion. In addition, the 279 repeatability of swelling pressure testand the MIP test was verified.
280
It was noted that the chemical effect on the HM behaviour of clayey soils is due tochanges at 281 different structural levels and the interaction between them (Mata 2003 effectswere significant on the macro-pores, the micro-pores remaining almost unaffected. 
302
There was no obvious effect of water chemistry on the swelling pressure in short term(100 303 hours) due to the high dry density of the bentonite-based material and the low salinity of the 304 synthetic water. However, aftera long period of 700 days, the swelling pressure decreased for 305 all samples, especiallyfor the sample saturated with synthetic water.
306
Different hydration procedures led to comparable long term swelling behaviour and 307 similarpore-size distributions.
308
The effect of the chemical composition of the pore water on the swelling pressure can be 309 interpreted in terms of changes inmicrostructure. The sample with higher swelling pressure
310
showed less macro andmicro-pores associated with a higher interlayer hydration.
311
From a practical point of view, the specification and the design of the sealing/backfillmaterial Table 1 . Mineral composition of the MX80 bentontie (%) 436 Table 2 . Exchangeable cations of MX80 bentonite (meq/100g) 437 Table 3 . Chemical composition of the synthetic water 438 
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